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Abstract—This paper describes a two-arm Archimedean spiral
antenna backed by a conducting cavity, where only one arm is di-
rectly excited, with the other arm being parasitically excited; in
other words, the spiral arms are excited in an unbalanced mode.
A balun circuit required for a conventional two-arm spiral is not
used for this unbalanced-mode spiral. The design of the unbal-
anced-mode spiral is performed over a frequency range of fr.q =
3 GHz to fgq = 9 GHz (1:3 bandwidth), where the antenna
height is selected to be extremely small (7 mm = 0.07 wavelength
at frq) to realize a low-profile antenna. For reference, a corre-
sponding spiral antenna excited in balanced mode is also analyzed.
It is found that the unbalanced-mode spiral shows an acceptably
small VSWR over the design frequency range of frq to fuq4. The
radiation is circularly polarized around the antenna axis normal
to the spiral plane. The gain shows behavior similar to that of the
balanced-mode spiral. Results for other antenna heights (5 mm,
10.5 mm, and 14 mm) are also presented and briefly discussed. It
can be said that the unbalanced-mode spiral is a circularly polar-
ized wideband antenna with a simple feed system.

Index Terms—Circular polarization, current decomposition,
low-profile antenna, spiral antenna, unbalanced mode.

1. INTRODUCTION

HE Archimedean spiral (ARCS) antenna is known for its
T wideband radiation characteristics [1]. In most cases, the
number of arms is chosen to be two, and these two arms are ex-
cited in balanced mode (i.e., the same amplitude and a 180-de-
gree phase difference between the two arms). Such a two-arm
ARCS, referred to as a balanced-mode spiral (abbreviated as
BALYS), radiates a circularly polarized (CP) wave in the direc-
tion normal to the antenna plane. The CP radiation from the
BALS has been qualitatively explained by using current-band
theory [1] and quantitatively evaluated using the method of mo-
ments [2]-[4].

The BALS is excited using a coaxial line with a balun circuit,
which transforms the unbalanced mode of the coaxial line
into the balanced mode required for the BALS, performing
impedance matching between the coaxial line and the BALS
over a wide frequency range. Designing and installing such
a wideband balun circuit [5], [6] for the two-arm spiral re-
quires laborious efforts. This leads to the question of whether
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an ARCS antenna could be exited only with a coaxial line
(no balun circuit), while still maintaining wideband radiation
characteristics comparable to those of a corresponding BALS.

This paper presents an answer to the above question by de-
signing a low-profile, cavity-backed, wideband, two-arm ARCS
antenna excited without a balun circuit, where one arm is fed by
a coaxial line and the other arm behaves as a parasitic element.
This antenna is referred to as an unbalanced-mode Archimedean
spiral antenna (abbreviated as UnBALS). So far, we have an-
alyzed an UnBALS having an antenna height of one-quarter
wavelength and revealed that the frequency bandwidth for the
axial ratio is relatively wide (18%) [7]. In this paper, a low-pro-
file UnBALS (0.07 wavelength antenna height) is investigated
to obtain extremely wideband frequency characteristics (100%)
for the axial ratio, input impedance, radiation pattern, and gain.

Five sections, including this introduction, constitute this
paper. Section II describes the configuration of an UnBALS
backed by a conducting cavity. For reducing the reflected
currents from the arm ends of the UnBALS, a ring-shaped
absorbing material [8]-[10] is applied to the cavity. The height
of the antenna/cavity is chosen to be extremely small to realize
a low-profile antenna that operates within a 100% design fre-
quency bandwidth [from 3 GHz (= fr4) to 9 GHz (= fua)l;
a test height of 7 mm, corresponding to 0.07 wavelength at the
lowest design frequency frq, is chosen.

Section III presents the antenna characteristics of the Un-
BALS, over a frequency range from 2 GHz (= fra = fLa — 1)
to 10 GHz (= fua = fua + 1), together with the characteris-
tics of a corresponding BALS. This section is composed of three
subsections, A, B, and C, which describe the input impedance,
radiation pattern, axial ratio, and gain characteristics as a func-
tion of frequency. These characteristics are calculated on the
basis of the electric and magnetic fields obtained using the fi-
nite-difference time-domain method (FDTDM) [11], [12].

Section ITI-A discusses the input impedances of the UnBALS
and BALS antennas, and Section III-B gives a comparison of the
radiation patterns for these antennas. Subsequently, the asym-
metry found in the radiation pattern with respect to the antenna
axis (normal to the antenna plane) is explained, focusing on the
currents along the two arms of the UnBALS. Each of these cur-
rents is decomposed into odd-mode and even-mode currents.
Section III-C presents the frequency response of the axial ratio
of the UnBALS, together with that of the BALS, within the anal-
ysis frequency range of fr., (2 GHz) to fu. (10 GHz). A com-
parison of the gains between the UnBALS and BALS is also
made in Section III-C. Note that the theoretical results are veri-
fied with experimental results.
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Fig. 1. Unbalanced-mode spiral (UnBALS). (a) Perspective view, (b) top view,
and (c) side view.

Section IV presents supplemental data for gaining a better
understanding of the UnBALS backed by a cavity discussed in
Section III. The absorber attached to the cavity, the distance
between the spiral plane and the bottom of the cavity (antenna
height), and the feed line for the spiral are discussed. Finally,
Section V summarizes the results obtained in this research.

II. CONFIGURATION

Fig. 1 shows an unbalanced-mode Archimedean spiral an-
tenna (UnBALS) composed of two strip arms. The center line
of the strip is defined by the Archimedean function 7 = agp ¢y,
where a.p, is the spiral constant and ¢, is the winding angle,
ranging from the starting angle ¢ to the ending angle ¢epq.
The strip arm width is w and the antenna height is H,;. The
spiral arms are backed by a conducting cavity, whose diameter
is Dcay. The height of the cavity (Hc,y) is chosen to be the
same as the antenna height: H.,, = H.n. One of the arms is
connected to the inner conductor of a coaxial feed line, while
the other arm is short-circuited to the bottom of the cavity, as
shown in Fig. 1(c), where the spacing between the two vertical
arms (strip width w) is dgp. Note that if both arms are excited
with the same amplitude and a 180-degree phase difference, as
shown in Fig. 2 (side view only), the spiral is designated as a
balanced-mode spiral (BALS). The BALS has the same config-
uration as the UnBALS, except for the excitation.

We design an UnBALS that operates over a frequency range
of fra = 3 GHz to fuq = 9 GHz (referred to as the de-
sign frequency range), using an analysis frequency range of
fLa = 2 GHz to fg. = 10 GHz. The antenna circumference
C, defined by C' = 27 rmax (= 2maspPena ), must be more than
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Fig. 2. Side view of a balanced-mode spiral (BALS).

one wavelength at the lowest design frequency frq [1], to sup-
port a traveling wave current necessary for CP radiation; C is
chosen to be approximately 2 wavelengths at the lowest design
frequency frq4 in this paper. Based on this circumference, the
diameter of the conducting cavity is chosen to be slightly larger
than that of the spiral.

In order to absorb the current reaching the outermost sec-
tion of the arms, a ring-shaped strip absorber (ABS) of thick-
ness waps is placed inside the cavity. The absorber used in
this paper is non-conducting TDK EM absorber (model ISFA),
where the relative permittivity e, (= &' — je’) and dielectric
loss (tand = &’ /e’) are frequency-dependent; €’ varies from
¢’ = 2.00 to 1.78 and tan 6 varies from 0.75 to 0.41 within the
design frequency range of fr.q (3 GHz) to fuq (9 GHz). Note
that the radiation characteristics of the BALSs with and without
this TDK absorber have already been discussed in [13].

The configuration parameters used in Section III are as fol-
lows: D¢ay = 80 mm for the cavity, ag, = 1.273 mm/rad,
¢st = 0.57 rad, penqg = 8.57 rad, w = 2 mm, and dgp =
1 mm for the conducting strip arms, and waps = 11 mm for the
absorber. In this case Deay /27 max = 1.18. The antenna height
H,,; (= cavity height H_,,) is fixed to be 7 mm. Note that sup-
plemental data on the absorber thickness waps, antenna height
H,., and spacing between the vertical conducting strip arms
dgyp are presented in Section IV.

III. ANALYSIS RESULTS AND DISCUSSION

The antenna height/cavity is chosen to be less than half
the wavelength at the highest design frequency fua (9 GHz),
thereby avoiding a dip in the radiation around the z-axis (note:
the dip is caused by the radiation reflected from the bottom
plane of the cavity). The antenna height in this section is
H,.. = H.,, = 7 mm = 0.21 wavelength at fy4. Note that
this antenna height is extremely small at low frequencies: 0.047
wavelength at the lowest analysis frequency fr, (2 GHz) and
0.07 wavelength at the lowest design frequency frq (3 GHz).

A. Input Impedance and VSWR

The electric field E(r,¢) and magnetic field H(r,¢) within
the analysis space are obtained using the finite-difference time-
domain method (FDTDM) [11], [12], where r and ¢ denote the
position vector and time, respectively. The current at the antenna
input is calculated by integrating FH(r,¢) around the antenna
input conductor, where F' denotes the Fourier-transform oper-
ation. The input impedance Zi,, = Ri, + jXi, is calculated
on the basis of this current. Fig. 3 shows the calculated input
impedance of the UnBALS, together with the input impedance
of the BALS, for comparison. These lead to the curves for the
VSWR (relative to 50 ohms) shown in Fig. 4. It is found that the
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Fig. 4. VSWRs (relative to 50 ohms) for UnBALS and BALS.

VSWR for the UnBALS is acceptably small within the design
frequency range of frq (3 GHz) to fuq (9 GHz). For the most
part, the VSWR is less than 2. The calculated results for the
UnBALS are verified with experimental results (see the white
dots).

B. Radiation Pattern and Current Distribution

The radiation field from the spiral, E,,q, is calculated on the
basis of the equivalence principle [14], using the electric current
J. =7 x FH(r,t) and magnetic current J,,, = FE(r,t) x 7
on a surface enclosing the spiral, where 7 is the outward unit
vector normal to the surface. Fig. 5 shows the representative the-
oretical radiation patterns for the UnBALS at 3, 6, and 9 GHz,
where the radiation field E,,q is decomposed into a right-hand
CP wave component Fr and a left-hand CP wave component
FE1,. The radiation patterns for the BALS at the same frequen-
cies are also presented in this figure. It is found that the UnBALS
has a slightly asymmetric radiation pattern with respect to the
z-axis, while the BALS has a consistently symmetric pattern.
The asymmetry in the theoretical radiation pattern for the Un-
BALS, which is verified with experimental results (white and
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black dots in Fig. 5), can be explained by the behavior of the
currents, as described in the following paragraphs.

Fig. 6 shows the currents of the UnBALS at 3, 6, and 9 GHz,
where I., and I, designate the currents on the excited and
parasitic arms, respectively. The real part, imaginary part, and
absolute value for each of I., and I, are expressed by I, I,
and |I|, respectively. We decompose the currents I, and I,
into an odd-mode current /, and an even-mode current /.

I, =1,+1, (D
Ly =—1I, + I.. 2)

From the above, I, and I, are given as I, = (I., — I,;)/2 and
I, = (Iex + I,;)/2. I, and I, are shown in Fig. 7, where I, and
1I; denote their real and imaginary parts, respectively. According
to current-band theory [1], the odd-mode current /,, forms active
regions (responsible for the strong radiation), which exist on
the ring-shaped areas whose circumferences on the spiral plane
are approximately n,qqAf, Where nogq = 1,3,5,..., and At
is the wavelength at frequency f. The black inverted triangles
on the top horizontal axis for I, show the locations where the
circumference is n,qqAr. These active regions contribute to the
radiation of an axial beam, whose maximum intensity is in the
z-direction. Note that the radiation from current I, is referred
to as the odd-mode radiation, and the fields of the odd-mode
radiation at symmetrically opposite points with respect to the
z-axis are in-phase.

On the other hand, the even-mode current I, also forms ac-
tive regions, which exist on the ring-shaped areas whose cir-
cumferences on the spiral plane are approximately 7eyvenAfs
where neven = 2, 4, 6,...; the black inverted triangles on the
top horizontal axis for I, show the locations where the circum-
ference is nevenAr. These active regions contribute the radia-
tion of a conical beam having zero-radiation in the z-direction
and maximum radiation off the z-axis. The beam from this I,
is referred to as the even-mode radiation. Note that the fields
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Fig. 8. Axial ratio (AR) as a function of frequency. (a) AR for UnBALS, where

the solid curve shows theoretical results and the white dots show experimental
results, and (b) AR for BALS.

and destructively superimposed on the odd-mode radiation, sub-
ject to the phase relationship between the two modes at symmet-
rically opposite points with respect to the z-axis. In other words,
the odd- and even-mode radiation fields add positively on one
side and add negatively on the other side. Thus, the radiation
pattern of the axial beam from the odd-mode current, which is
symmetric with respect to the z-axis, becomes asymmetric; that
is, the beam direction deviates from the z-axis.

The azimuth angle ¢max of the beam direction (Omax, Pmax)
varies with frequency [the zenith angle 0,,,,, measured from the
z-axis, has a relatively small variation, which is not shown in
this paper]. This means that the tilted beam rotates around the
z-axis as the frequency changes. Consequently, the asymmet-
rical radiation pattern observed in a specific plane (for example,
in the x-z plane or y-z plane) varies with frequency. Note that
if I, = 0, then the currents on the two arms are balanced with
(Lew, Ipr) = (1,, —1,). In this case, no beam deviation occurs,
as shown by the radiation pattern of the BALS in Fig. 5.

The circumference of the spiral in terms of the wavelength
at 3 GHz is slightly larger than two wavelengths (2\3). This
antenna size supports the even-mode active region whose cir-
cumference is close to 2A3. As seen from the bottom figure of
Fig. 7(a), the amplitude of the even-mode current /. on this ac-
tive region at 3 GHz (the active region exists near the inverted
triangle marking on the top horizontal axis) is very small, and
hence the radiation field is dominated by odd-mode radiation,
with a minimal effect from the even-mode radiation. It follows
that the radiation pattern at 3 GHz becomes almost symmetric
with respect to the z-axis, even though an even-mode current I,
exists.

The even-mode currents at 6 and 9 GHz are not small (relative
to the odd-mode currents), as seen from the bottom figures of
Fig. 7(b) and (c). At 6 GHz, the even-mode active region whose
circumference is approximately 2\ shown in Fig. 7(b) affects
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Fig. 9. Gains for UnBALS and BALS as a function of frequency.

the odd-mode radiation; similarly, at 9 GHz, the even-mode ac-
tive regions whose circumferences are approximately 29 and
4)g shown in Fig. 7(c) affect the odd-mode radiation. As a re-
sult, the radiation patterns at 6 and 9 GHz are asymmetric with
respect to the z-axis, as seen from the radiation pattern in the
UnBALS of Fig. 5. However, these asymmetries are not remark-
able, and the UnBALS shows radiation patterns similar to those
of the BALS.

C. Axial Ratio and Gain

After decomposing radiation field E,,q4 into a right-hand CP
wave component E'g and a left-hand CP wave component Ft,,
the axial ratio (AR) is calculated. As observed in Fig. 5, the
asymmetry of the radiation pattern with respect to the z-axis
is not significant, and hence we infer that the axial ratio of the
UnBALS in the z-direction normal to the antenna plane will be
small over a wide frequency range, as desired. This is confirmed
by the solid curve of Fig. 8(a), which shows the calculated AR
results in the z-direction of the UnBALS as a function of fre-
quency. For comparison, the axial ratio of the BALS is also pre-
sented in Fig. 8(b). It is revealed that the frequency response
of the axial ratio of the UnBAL is similar to that of the BALS,
showing small values of less than 3 dB (required for CP radia-
tion) within the design frequency range (3-9 GHz). We can also
see that the experimental results (white dots) in Fig. 8(a) are in
good agreement with the theoretical results.

The radiation from the UnBALS at a point (r, 6, ¢) within
the positive z-space shown in Fig. 1 is circularly polarized (CP)
with a right-hand sense. The right-hand CP gain relative to an
isotropic antenna is given as Gr = Ga./Pr-loss, Where G, =
(|ER|2 + |EL|2)T2/30Pin and PRr-10ss = 1+ {(AR - 1)/(AR+
1)}2. Note that (7, is the absolute gain; PR-joss is the polariza-
tion loss; and P, is the power observed at the antenna input,
not including the loss due to impedance mismatching between
the antenna and the feed line. Fig. 9 shows the gain Gy for the
UnBALS, together with that for the BALS, both calculated in
the z-direction (f# = 0). It is found that the gain GR for the
UnBALS is almost the same as that for the BALS. As the fre-
quency increases, the gain approaches a value of approximately
8.5 dBi. The theoretical gain of the UnBALS is verified with ex-
perimental results (white dots).

From the analysis results in Sections III-A—C, it can be said
that an UnBALS of height 7 mm has wideband CP antenna
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characteristics comparable to those observed in a corresponding
BALS, except for slight asymmetric radiation pattern. This Un-
BALS has the advantage over the BALS that it has a simple feed
system (it does not need a balun circuit).

IV. SUPPLEMENTAL DATA ON ABSORBER THICKNESS wARBs,
ANTENNA HEIGHT H,,;, AND FEED LINE SPACING dp

A low-profile, wideband, circularly polarized UnBALS
backed by a cavity is realized in Section III. This section
presents supplemental data for gaining a better understanding
of the UnBALS. The absorber thickness waps, antenna height
H, ., and feed line spacing dpp are discussed.

A. Absorber Thickness waps

The thickness of the ring-shaped absorber is fixed to be
waps = 11 mm in Section III, where the inner radius of the
absorber is 29 mm = 1y, o (original inner radius) and the outer
radius is 40 mm = Deav/2 = Tout /o (original outer radius)
[note: Tout/0 — Tin/o = WABS]

If the outer radius of the ring-shaped absorber, 74,¢, is in-
creased from the original value of /0 = 40 mm = Deay /2,
while holding the inner radius ryy at its original value of 4y, /o =
29 mm, the antenna characteristics, including the radiation ef-
ficiency, VSWR, radiation pattern, axial ratio, and gain, remain
almost unchanged within the design frequency range of frq =
3 GHz to fuq = 9 GHz. Noticeable improvement is not found
with this thicker absorber at the lowest design frequency frq =
3 GHz.

It is also found that removing the vertical wall of the cavity
(with a ring-shaped absorber of i, = 7i,/0 and Tout > Tout/0)
does not deteriorate the antenna characteristics. It follows that
the vertical wall of the cavity is not needed; it is used to stabilize
the packaging of the spiral and absorber.

Further calculation is performed by varying the inner radius
Tin. It is revealed that, as the inner radius 7, is decreased from
the original inner radius of 7,/ = 29 mm, while holding the
outer radius at the original value of 7410 = 40 mm = Deay /2
[resulting in a thicker absorber], the radiation efficiency be-
comes smaller. For example, at middle design frequency
fma = 6 GHz, the radiation efficiency decreases from 78%
(for the original inner radius ri ;9 = 29 mm) to 18% (for
7in = 1.5 mm, where the absorber covers nearly the entire area
behind the spiral, except for the feed area). This decrease in
the radiation efficiency is due to the fact that the absorber is
in contact with the two spiral arms and acts as a resistive load
between the two arms. As the inner radius 73, is decreased (i.e.,
as the absorber thickness wapg is increased), there is greater
contact between the two arms and the absorber, extending from
the arm end area to the feed point area, causing the current
traveling toward the arm ends to decay more rapidly. This
results in a smaller radiation efficiency. If the absorber is not
in contact with the spiral arms (i.e., the distance from the
bottom of the cavity to the top of the absorber, designated as
the absorber height Haps, is smaller than the antenna height
H,.), then the radiation efficiency improves. For example,
the radiation efficiency at fyq is approximately 50% when
the top surface of the absorber with r;;, = 1.5 mm is 2.5 mm
(Hant — Haps = 7 mm — 4.5 mm) away from the spiral
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arms. However, the VSWR and axial ratio deteriorate at lower
frequencies, because the current reflected from the arm ends
is no longer absorbed by the absorber, which is not in contact
with spiral arms.

B. Antenna Height H

The antenna height H (= Hcay) in Section III is fixed to be
7mm (= H, /o original antenna height). In this subsection,
we investigate the effect of the antenna height on the antenna
characteristics. For this purpose, we use three values of antenna
height near the original value H ¢ /o: Hang = 5 mm, 10.5 mm,
and 14.0 mm. These values are still less than half the wavelength
at the highest design frequency frq (9 GHz). Note that a height
of H,yne = 16.7 mm corresponds to half the wavelength at fq.

Figs. 10-13 show the VSWR, radiation pattern, axial ratio,
and gain as a function of the frequency, with the antenna height
as a parameter. It is found that the UnBALS exhibits a small
VSWR (of less than 2.5, see Fig. 10). Each of the radiation pat-
terns at the lowest design frequency (fr.a = 3 GHz) shows an
almost symmetric pattern with respect to the z-axis, and it be-
comes asymmetric due to the effect of the even-mode radiation,
as the frequency is increased (see Fig. 11). However, the axial
ratio in the z-axis direction still remains small: less than 3 dB in
the analysis frequency range of fr,, (2 GHz) to fg. (10 GHz),
as shown in Fig. 12.

As seen from Fig. 13, the gains for H,,; = 10.5 mm and
14.0 mm show almost the same tendency at lower frequencies
(below 7 GHz). However, as the frequency is increased above
7 GHz, the gain for H,,; = 14 mm decreases. This is attributed
to the phase difference between the primary radiation (which
directly radiates from the spiral plane into free space) and the
secondary radiation (which travels first toward the cavity from
the spiral plane, is then reflected at the bottom of the cavity, and
finally radiates into free space). As the frequency is increased,
the antenna height in terms of wavelength approaches half the
wavelength and the secondary radiation is superimposed nega-
tively on the primary radiation. Consequently, the radiation in
the z-direction has a dip, resulting in a reduction in the gain.

Comparisons of the antenna characteristics (VSWR, radia-
tion pattern, axial ratio, and gain) for H,,; = 10.5 mm with
those for the original height H,, /o = 7 mm discussed in
Section III reveal that the characteristics for the two cases are
similar to each other within the design frequency range of f1q
to fuq. It is also observed that the gain for H,,; = 5 mm
is lower than that for H, s0 = 7 mm at most frequencies
within the design frequency range of frq to fua (see Figs. 9

Authorized licensed use limited to: HOSEI UNIVERSITY KOGANEI LIBRARY. Downloaded on October 1, 2009 at 01:30 from IEEE Xplore. Restrictions apply.



NAKANO et al.: UNBALANCED-MODE SPIRAL ANTENNA BACKED BY AN EXTREMELY SHALLOW CAVITY

(Hane = 10.5 mm) | (Hp = 14 mm)

f=3 GHz

f=6 GHz

f=9 GHz

(Hane =5 mm) |(Hup=10.5 mm) |(Hyp = 14 mm)

f=3 GHz

f=6 GHz

f=9 GHz

(b)

Fig. 11. Radiation pattern for UnBALS with the antenna height H,,,; as a pa-
rameter. (a) In the 2-z plane and (b) y-z plane.

and 13). From these comparisons of the antenna characteristics
for H,,;y = 10.5 mm, Ham/o = 7mm, and H,,; = 5 mm, it
can be said that choosing the antenna height to be the original
height H,,;/o = 7 mm is acceptable for realizing a low-profile
CP spiral antenna.

C. Feed Line Spacing dyp

A planar spiral antenna, characterized by an Archimedean
function and isolated in free space, has wideband characteristics
with respect to the input impedance, radiation pattern, and gain,
when the strip arm width w and the spacing between neigh-
boring arms, w*, are chosen to be the same: w = w* [13]. Using
the spiral constant as, = 1.273 mm/rad [which defines the
centerline of the spiral strip arm] described in Section II results
in a spiral that satisfies the w = w* condition when w = 2 mm

1631

10 | ;
_____ :_____:___ H, =5 mm *~—e
Py t___J___|UnBALS{H,=10.5mmoO=----0
[ 1 H, =14 mm >»——X
I, e —
—_ 1 I T T T T T
6 F---- Y NS N EP M
g A O A A
o [ Coo ]
< 4F---- Fo——om———d———— 4 ————f—— - ——— - == — o
| I | 1 I | |
_____ N Y NSNS AU EPRPE PP
1 1 I 1 I I 1
2&----F- : S P Y A Ep : _____
1
: B

N
w
» L
(%]
=)
=
oo
O
S

Frequency [GHz]

Fig. 12. Axial ratio (AR) for UnBALS with the antenna height H..; as a
parameter.
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Fig. 13. Gain for UnBALS with the antenna height H,,,; as a parameter.

(this spiral constant is used throughout the paper). From this
fact, one would expect the antenna to have wideband character-
istics, although the spiral in this paper is not purely isolated in
free space (backed by a cavity). Note that this strip arm is ap-
proximated using staircases for the FDTDM calculation, where
the length of a staircase [cell size for the FDTDM] is chosen to
be Az = Ay = Az = 0.5 mm.

The spacing between the two vertical strip arms is fixed to
be dpp = 1 mm = dppo in Section III. Additional analysis
is performed using dpp = 0.5 mm and 1.5 mm. It is found
that the radiation pattern, axial ratio, and directivity obtained
for the original dpp /o remain almost unchanged for the two ad-
ditional variations of dpp. However, the input impedances are
different from that for the original dgp/o = 1 mm, as shown
in Fig. 14, where the input impedance for dyp /o (UnBALS in
Fig. 3) is also shown, for easy comparison. It is found that,
as dpp is increased, the input resistance R;, increases, with
a small variation in the reactance X;,. This fact is used for
achieving an impedance match between the UnBALS and the
feed line. Choosing dpp = 1 mm is acceptable for a 50-ohm
feed line over the design frequency range of frq = 3 GHz to
fua = 9 GHz (see Fig. 4).

V. CONCLUSION

A two-arm unbalanced-mode spiral (UnBALS) is investi-
gated over a frequency range from 3 GHz (= fLq) to 9 GHz
(= fua). One of the two arms of the UnBALS is fed by a
coaxial line, with the other arm acting as a parasitic element. It
is emphasized that the UnBALS does not have a balun circuit,
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Fig. 14. Input impedance with the feed line spacing drp as a parameter.
(a) Input resistance. (b) Input reactance.

which is required for a conventional two-arm balanced-mode
spiral (BALS). The antenna characteristics for the UnBALS are
compared with those for the BALS.

First, a small antenna height of 7 mm, corresponding to 0.07
wavelength at fr 4, is used. The investigation reveals that the
VSWR for the UnBALS is acceptably small within the fre-
quency range of frq to fug, resulting in good input matching
between the UnBALS and the feed line. The radiation pattern
is slightly asymmetric with respect to the antenna axis (z-axis).
This slight asymmetry is caused by the even-mode currents dis-
tributed on the two spiral arms. The analysis shows that the ef-
fect of the even-mode currents on the axial ratio near the antenna
axis (z-axis) is small. The frequency response of the axial ratio
in the z-direction is very similar to that for the BALS, showing
values of less than 3 dB over a 100% design frequency range of
fLa to fuq. The frequency response of the gain for the UnBALS
is also similar to that for the BALS.

Second, for a better understanding of the UnBALS, the ef-
fects on the radiation characteristics of the absorber thickness
waBs, antenna height H,,, and feed line spacing dpp are also
discussed. As a result, the structure used in Section III is accept-
able for realizing a low-profile, wideband, CP antenna that has
a simple feed structure without a balun circuit.
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